Introduction {#s0005}
============

Cancers have long been great threats to human society, causing both economic burdens and patient sufferings. Among the various types of cancers, gastric cancer (GC) belongs to the most commonly diagnosed ones [@b0005]. according to the data of the World Health Organization, GC is the fifth most common cancer and the third leading cause of cancer mortality in worldwide [@b0010], [@b0015]. Although a series of research progress has been made in diagnosis and treatment of GC, the 5-year survival rate of GC is no more than 25 percent [@b0020]. Invasion, metastasis and recurrence are the common cause for death rate of this disease. Therefore, it's necessary to study the molecular event underlying progression and to find the novel therapeutic target of gastric cancer.

miRNAs are short non-coding RNAs that have become post-transcriptional regulators of various physiological processes involved in cells, such as cell growth, movement, invasion, autophagy, apoptosis, and stress response [@b0025], [@b0030], [@b0035]. The main mechanisms by which miRNAs regulate target genes include induction of mRNA degradation and inhibition of mRNA translation by binding to partially complementary sequences in the 3′ untranslated region [@b0040], [@b0045]. Discovering the molecular regulatory pathways by which miRNAs control gastric cancer contributes to a better understanding of cancer biology and new targeting strategies for the future treatment of gastric cancer. Existing literature has proved that miR-5100 is highly expressed in lung cancer cells and can affect the formation of tumors by affecting the autophagy of cells [@b0050], [@b0055]. In our previous study, we demonstrated that miR-5100 is over-expressed miRNA in gastric cancer, but the function of miR-5100 has not been reported yet. In this study, we report that miR-5100 modulates tumor growth in lung cancer and identify CAAP1 as a direct target of miR-5100. Our data reveal a novel regulation circuit for gastric cancer cell growth and demonstrate that miR-5100 serves as a potential target for gastric cancer therapy.

C9orf82 protein, or conserved anti-apoptotic protein 1 or caspase activity and apoptosis inhibitor 1 (CAAP1) has been implicated as a negative regulator of the intrinsic apoptosis pathway by modulating caspase expression and activity. CAAP1 was proposed to modulate a Caspase-10 dependent mitochondrial Caspase-3/9 feedback amplification loop [@b0060]. In recent years, CAAP1 has been gradually valued in tumor cells and started to be a new target in tumor therapy.

As a family of myocardin-related transcription factors (MRTF), megakaryoblastic leukemia 1 (MKL1) is widely expressed in many tissues [@b0065], [@b0070], [@b0075] and functions as a co-activator serum response factor (SRF), which plays an important role in the control of active or contractive cell function, especially in cancer metastasis, vascular smooth muscle cell and cardiac muscle cell differentiation [@b0080], [@b0085]. Recent studies have shown that mkl1 may also be involved in cell proliferation in gastric cancer cells [@b0090], [@b0095]. At the same time the actin cytoskeleton, and the main transcription factor complex controlling its abundance, MKL1/SRF, limits cell fate reprogramming by regulating global chromatin accessibility [@b0100], [@b0105]. Therefore, MKL1 is also important for apoptosis and autophagy in gastric cancer cells.

Materials and methods {#s0010}
=====================

Cell lines {#s0015}
----------

Human gastric cancer cell lines MGC80-3, AGS, SGC-7901 were bought from American Type Culture Collection (ATCC, Manassas, VA) MGC80-3, SGC-7901 cultured in RPMI 1640 medium (GIBCO) and AGS cultured in D-MEM/F-12 (GIBCO) supplemented 10% fetal bovine serum (FBS; Biological Industries) in the incubator with a humidified atmosphere (5% CO~2~, 37 °C).

Plasmids {#s0020}
--------

The coding region sequences of MKL1 and CAAP1 genes were amplified by PCR using the cDNA of gastric cancer cells as the template (MKL1:forward: 5′-ATGGCCCAATGGAATCAGCTACAGC-3′,reverse:5′-TCACATGGGGGAGGTAGCGCACTCCGA-3′;CAAP1:forward:5′-AGAGGGATCATGACGGGGAAAAAGT-3′,reverse:5′-TACCTAGGCTGGCTTTTTTATATCA-3′) and inserted into mammalian expression vector pcDNA3.1 (Invitrogen, USA), respectively. The promoter sequences of CAAP1 (-465+45) and miR5100 (-516-0) were amplified by PCR (WT-CAAP1-Luc forward: 5′-TGTCCATGTCAGACTCTACGCAAGA-3′ WT-CAAP1-Luc reverse: 5′-ATCGGAGGAAAGTCCGCTGTCTCTG-3′; WT-miR5100-Luc forward: 5′-CTGTTCTTGGTGGTCAGGTG-3′, WT-miR5100-Luc reverse: 5′-CTGTTTCTGAAGGTGATGGAG-3′) and inserted into the luciferase vector pGL3-Promoter (Addgene, USA) using mammalian genome as template. MUT-CAAP1-Luc (The binding site of MKL1 was mutated) forward: 5′-GCAAGAAATATTTAATTTGCCCAGGTGATGAGGAAAATGAGATGGAACA-3′, reverse: 5′-GGGCAAATTAAATATTTCTTGCGTAGAGTCTGACATGGACAAGTAGAGCTT-3′; MUT-miR5100-Luc (The binding site of MKL1 was mutated) forward: 5′-GGCCAGGGTAATTTTTAATACTGGAACCTCTCCAAGCTCACCAGCACTC-3′, reverse: 5′-GGTTCCAGTATTAAAAATTACCCTGGCCCCGAGAGGCCACCTGA-3′; The CAAP1 3′-UTR sequence was amplified by PCR (WT-pmir-CAAP1 forward: 5′-GTATTTAACTTGATTTTGAATTTTAG-3′,WT-pmir-CAAP1 reverse: 5′-TTCATGAAGGTGGAGACTTTA-3′) and inserted into dual-luciferase miRNA target expression vector pmirGLO (Invitrogen, USA) using the mammalian genome as the template; as for MUT-pmir-CAAP1 (The binding site of miR5100 was mutated) Since three sites on CAAP1 3′UTR bind to miR-5100, we made two mutations, using the following primers: MUT-pmir-CAAP1-1 forward: 5′-TCATTCTG CACGTAGC GACTTTTGATACTTTTTCAAAAGCAAAAT-3′, reverse: 5′-CAAAAGTCGCTACGTGCAGAATGATAGCATTTTATTATTTCTGAT-3′; MUT-pmir-CAAP1-2 forward: 5′-TTGCTTAAAACTGCAGTGTGCTATAATTCCATGAATCAGAAATAA-3′, reverse: 5′-TATAGCACACTGCAGTTTTAAGCAACTACATCAGATAAAATCCTA-3′.

Transfection {#s0025}
------------

Negative control mimic (NC mimic), miR-5100 mimic (mimic), Negative control inhibitor (NC inhibitor), miR-5100 inhibitor (inhibitor) Negative control siRNA (si-NC), siRNA-MKL1 (si-MKL1), siRNA-CAAP1 (si-CAAP1) were purchased from RIBOBIO biological. All plasmids were extracted with EndoFree Plasmid Midi Kit (CWBIO), all fragments and plasmids were transfected with lipofectamine 3000 (Invitrogen, USA) according to the manufacturer\'s instructions.

RT-PCR and qRT-PCR {#s0030}
------------------

RNA was extracted using ultrapure RNA Kit (CWBIO), 1 ug RNA was reverse-transcribed into cDAN using PrimeScript RT reagent Kit With gDNA Eraser (Takara), and Hieff qRT-PCR SYBR Green Master Mix was used for qRT-PCR (Yeasen). The primers involved are as follows: GAPDH: forward: 5′-GGAGCGAGATCCCTCCAAAAT-3′, reverse: 5′-GGCTGTTGTCATACTTCTCATGG-3′; CAAP1: forward: 5′-AGTACCGACTCTTCCAGCGTCT-3′, reverse: 5′-CAAGGTCACTGTGCTCTGCCAA-3′.

Luciferase assay {#s0035}
----------------

The cells were seeded at 2 × 10^4^ cells/well in 24-well cell culture plates, the cells were harvested after transfection for 24 h, then lysed on ice for 30 min with 1 × Passive Lysis Buffer (Promega). After centrifugation, 10 μL of the supernatant was added to measure the fluorescence value by adding 100 μL of Luciferase Assay Buffer (Promega). Take the same volume of supernatant and measure the protein concentration with the Enhanced BCA Protein Assay Kit to finally calculate the fluorescence value per unit protein concentration.

Western blotting {#s0040}
----------------

The cells were lysed with RIPA Lysis Buffer (Beyotime) and the proteins were quantified with the Enhanced BCA Protein Assay Kit (Beyotime), 40ug of protein per protein lane, then, the protein was transferred to the polyvinylidene fluoride (PVDF) Membrane (Millipore), sealed with 5% skimmed milk powder for 1 h, and incubated overnight with primary antibody at 4 °C, The antibodies used are as follows: Anti-GAPDH (1:2 000, Abclonal), Anti-CAAP1 (1:500, Sigma), Anti-MKL1 (1:1 500, Cell Signaling Technology/CST), Anti-Caspase3 (1:1 500, CST), Anti-LC3B (1:1 500, CST), Incubate secondary antibodies conjugated with named horseradish peroxidase--labeled (HRP) (Santa Cruz) at room temperature for 1 h, Samples were detected by Western fluorescence assay BeyoECL Plus (Beyotime).

Chromatin immunoprecipitation assay {#s0045}
-----------------------------------

Follow the instructions of the SimpleChIP® Enzymatic Chromatin IP Kit (Agarose Beads) strictly with a 37% formaldehyde solution for cross-linking. Rinse the cells twice with pre-chilled PBS and collect the cells. Then centrifuge the cells for 10 min at 1 500 rpm at 4 °C and discard Supernatant. The resulting cells were collected for nuclear processing and chromatin shearing. We digested the sample DNA into 150--900 bp fragments using micrococcal nuclease, centrifuged at 13 000 rpm for 3 min at 4 °C to precipitate the nucleus, and then sonicated the nucleus, and then kept it at 1 000 rpm for 10 min at 4 °C to retain Supernatant; the samples were divided into three groups during chromatin immunoprecipitation. Target protein antibody, IgG antibody, and no antibody were added to each group at 4 °C overnight. ChIP-grade protein G agarose beads were added to each group and incubated; the beads were eluted and cross-linked, and the DNA was purified by a spin column for PCR. The results were analyzed by 2% agarose gel electrophoresis.

Autophagy assay {#s0050}
---------------

CYTO-ID® Autophagy detection kit was adopted to detect autophagy. The cells were cultured on 14 × 14 mm cell slides and the culture medium was carefully removed after transfection 48 h, when the cells reached a confluence level of 50--70%. Distribute 100 µL of Dual Detection Reagent to cover monolayer cells, prevent the sample light and incubation for 30 min at 37 °C, carefully wash the cells with 100 µL of 1 × Assay Buffer, Remove excess buffer and place coverslip upside down on microscope slide, Analyze the stained cells by confocal microscopy, Use a standard FITC filter set for imaging the autophagic signal, image the nuclear signal using a DAPI filter set.

Flow cytometry {#s0055}
--------------

The apoptosis assay was performed using the Annexin V-FITC/PI Apoptosis Detection Kit (Meilunbio). The cells after 48 h of transfection were trypsinized without EDTA, and then collected by centrifugation at 500--1 000*g* and washed twice with pre-cooled PBS. 1 × Binding buffer After resuspending the cells, 5 µL Annexin V-FITC and 5 µL PI were added to 100 µL of cell suspension and gently mixed, and incubated for 15 min at room temperature to avoid light. Before using the flow cytometry (BD) to detect cells, add 400 µL of 1 × Binding buffer working solution to each tube and mix well after staining and incubation. Experimental results using Flowjo software for analysis and mapping.

Hematoxylin-Eosin staining {#s0060}
--------------------------

Tumor tissue from nude mice was sent to Servicebio Biotech for paraffin-embedded sectioning. Hematoxylin-Eosin/HE Staining Kit (Solarbio) is used for hematoxylin-eosin staining. Paraffin section dewaxing, hematoxylin dyeing, differentiation, eosin staining, dehydration, transparent, sealing, neutral gum sealing, microscopic observation, all the above operations in strict accordance with the manufacturer\'s instructions.

Immunohistochemistry experiment {#s0065}
-------------------------------

We used the Streptavidin-alkaline phosphatase (SABC\--AP) immunohistochemical staining kit (BOSTER Biological) for immunohistochemistry experiment. Briefly, Paraffin section dewaxing, heated antigen retrieval, 5% BSA blocking solution overnight at 4 °C, incubation at 37 °C for 2 h, then biotinylated goat anti-rabbit IgG 37 °C for 30 min, SABC-AP Incubate at 37 °C for 30 min. After BCIP/NBT color development, the nuclear solid red is lightly counterstained, then neutral resin sealing, observe under the microscope. All the above steps are strictly in accordance with the manufacturer\'s instructions.

Human tumor xenograft model {#s0070}
---------------------------

The animal experiment program has obtained the consent of the Experimental Animal Center of Wuhan University of Science and Technology and the Committee of Experimental Animal Ethics Review. BALB/c-nu (nude) mice were obtained from Beijing Vital River (Charles River Laboratories). Four-week-old nude mice were randomly divided into 4 groups, and 1 × 10^7^ AGS cell lines stably overexpressing miR-5100 and a control group were injected subcutaneously separately, so that we got four groups: two groups were injected with AGS cell lines stably overexpressing miR-5100 (miR-5100-plko.1), two groups of control groups (plko.1), 14 days later, a group of miR-5100- plko.1 and plko.1 groups were administered with paclitaxel twice a week (Named miR-5100-plko.1+Taxol, plko.1+Taxol). All nude mice were euthanized after 35 days. Carefully remove the tumor tissue from the nude carcass to count the volume and weight of the tumor.

Clinical sample {#s0075}
---------------

We obtained 30 clinical samples of gastric cancer from the Affiliated Hospital of Huazhong University of Science and Technology. The samples were collected from September 2018 to the end of September 2019. All the clinical samples collected were obtained from the informed consent of the patients. The research protocol complied with the ethical guidelines of the Helsinki Declaration (1975) and was approved by the Medical Ethics Committee of Wuhan University of Science and Technology Approved. At least two pathologists confirmed the diagnosis of GC pathology.

Statistical analysis {#s0080}
--------------------

All the experiments in the article were completed three times independently. The values were presented as the mean ± standard deviation. Two-sided *P* values \<0.05were considered statistically significant.

Results {#s0085}
=======

miR-5100 promotes apoptosis and inhibits autophagy of gastric cancer cells {#s0090}
--------------------------------------------------------------------------

Initially, we collected gastric cancer tissues and normal tissues from 30 gastric cancer patients, extracted miRNA from the tissues, and detected miR-5100 expression levels by qRT-PCR. It was found that the expression level of miR-5100 in gastric cancer tissue was lower than that in normal gastric tissue ([Fig. S1](#s0135){ref-type="sec"}A). Next, we extracted total miRNA from GES1, MGC80-3, AGS and SGC7901 cell lines, and detected the expression level of miR-5100 by qRT-PCR. The results showed that compared with GES1 cell lines, MGC80-3, AGS and SGC790 cell lines MiR-5100 has lower expression levels. In summary, we have initially concluded that miR-5100 expression is low in gastric cancer tissues and gastric cancer cell lines.

In order to study whether miR-5100 has an effect on the apoptosis of gastric cancer cells, miR-5100 inhibitors or inhibitor controls were transfected into MGC80-3 cell line, and Western blot was used to detect the expression of Caspase3 and Cleaved-Caspase3 ([Fig. 1](#f0005){ref-type="fig"}A), Statistical analysis showed that the expression level of Cleaved-Caspase3 decreased (*P* \< 0.05) ([Fig. 1](#f0005){ref-type="fig"}B); changes in apoptosis levels were detected by flow cytometry ([Fig. 1](#f0005){ref-type="fig"}C), and statistical results showed that the level of apoptosis was decreased (*P* \< 0.05) ([Fig. 1](#f0005){ref-type="fig"}D). In the AGS cell line, we found that miR-5100 minic promotes Cleaved-Caspase3 protein expression (*P* \< 0.05) ([Fig. 1](#f0005){ref-type="fig"}E, F) and promotes apoptosis ([Fig. 1](#f0005){ref-type="fig"}G, H). These results indicate that miR-5100 can promote the apoptosis of gastric cancer cells. In order to investigate whether miR-5100 affects gastric cancer cell autophagy, miR-5100 inhibitors or controls were transfected into MGC80-3 cells. The level of LC3B expression in the cells changed ([Fig. 1](#f0005){ref-type="fig"}I), and the ratio of protein LC3BⅡ/Ⅰ was up-regulated. (*P* \< 0.05) ([Fig. 1](#f0005){ref-type="fig"}J), the autophagosome content of the cells was increased under the confocal microscope ([Fig. 1](#f0005){ref-type="fig"}K). In the AGS cell line, miR-5100 minic promotes a decrease in the proportion of proteins that promote LC3BII/I ([Fig. 1](#f0005){ref-type="fig"}L, M), and autophagosome content of the cells decreases under confocal microscopy ([Fig. 1](#f0005){ref-type="fig"}N). In summary, we conclude that miR-5100 can promote gastric cancer cell apoptosis and inhibit gastric cancer cell autophagyFig. 1miR-5100 promotes apoptosis and autophagy in gastric cancer cells. miR-5100 inhibitor or miR-5100 inhibitor NC (control group) transfected into MGC80-3 cells. (A-B): The expression of caspase3 and cleaved-caspase3 protein was detected by western blot, and the cleaved-caspase3 protein was statistically analyzed, *P* \< 0.05; (C-D): Cell apoptosis was detected by flow cytometry, and statistics Analysis, (*n* = 3) \**P* \< 0.05. Transfect miR-5100 minic or miR-5100 minic NC (control group) into AGS cells. (E-F): Western blot was used to detect the expression of caspase3 and cleaved-caspase3 protein, and statistical analysis was performed on cleaved-caspase3 protein, \**P* \< 0.05; (G-H): Apoptosis was measured by flow cytometry and the apoptotic rate Statistical analysis was performed (*n* = 3), \**P* \< 0.05. Transfect miR-5100 inhibitor or miR-5100 inhibitor NC (control group) into MGC80-3 cells. (I-J): LC3B protein expression was detected by western blot, and the ratio of LC3BⅡ/LC3BⅠ was statistically analyzed (*n* = 3), \**P* \< 0.05; (K): Cell autophagy was detected using an autophagosome detection kit. Transfect miR-5100 minic or miR-5100 minic NC (control group) into AGS cells. (L-M): LC3B protein expression was detected by western blot, LC3BⅠ and LC3BⅡ proteins were quantified, and the ratio of LC3BⅡ/LC3BⅠ was statistically analyzed (*n* = 3), \**P* \< 0.05; N: cells were detected using an autophagosome detection kit Autophagy.

CAAP1 inhibits apoptosis and promotes autophagy in gastric cancer cells {#s0095}
-----------------------------------------------------------------------

We found that CAAP1 was expressed at a low level in the MGC80-3 cell line and highly expressed in the AGS cell line ([Fig. S2A, S2B](#s0135){ref-type="sec"}). To investigate whether CAAP1 has an effect on the apoptosis and autophagy of gastric cancer cells, the CAAP1 expression plasmid or control plasmid was transfected into the MGC80-3 cell line. Western blot detected a decrease in Cleaved-Caspase3 protein expression (*P* \< 0.05) ([Fig. 2](#f0010){ref-type="fig"}A, B), and flow cytometry detected a decrease in apoptosis levels (*P* \< 0.05) ([Fig. 2](#f0010){ref-type="fig"}C, D). The expression of Cleaved-Caspase3 protein increased after transfection of si-CAAP1 in AGS cell lines (*P* \< 0.05) ([Fig. 2](#f0010){ref-type="fig"}E, 2), and the level of apoptosis increased (*P* \< 0.05) ([Fig. 2](#f0010){ref-type="fig"}G, H). Next, our experimental results found that CAAP1 promoted the protein ratio of LC3BⅡ/Ⅰ in MGC80-3 cells (*P* \< 0.05) ([Fig. 2](#f0010){ref-type="fig"}I, J), and promoted autophagy in MGC80-3 cells ([Fig. 2](#f0010){ref-type="fig"}K). After transfection of si-CAAP1 in AGS cells, the protein ratio of LC3BⅡ/Ⅰ was detected to decrease (*P* \< 0.05) ([Fig. 2](#f0010){ref-type="fig"}L, M), and the autophagosome content decreased ([Fig. 2](#f0010){ref-type="fig"}N). The above experimental results indicate that CAAP1 may inhibit the apoptosis of gastric cancer cell lines and promote autophagy.Fig. 2CAAP1 inhibits apoptosis and promotes autophagy in gastric cancer cells. Transfect CAAP1 expression plasmid or empty vector (control group) into MGC8-3 cells. (A-B): caspase3 and cleaved-caspase3 protein expressions were detected by western blot, and cleaved-caspase3 protein was statistically analyzed (*n* = 3), \**P* \< 0.05; (C-D): Cell dysfunction was detected by flow cytometry Death, and statistical analysis of cell apoptosis rate (*n* = 3), \**P* \< 0.05. Transfect si-CAAP1 or si-CAAP1 (control group) into AGS cells. (E-F): caspase3 and cleaved-caspase3 protein expressions were detected by western blot, and cleaved-caspase3 protein was statistically analyzed (*n* = 3), \**P* \< 0.05; (G-H): Cell dysfunction was detected by flow cytometry Death, and statistical analysis of cell apoptosis rate (*n* = 3), \**P* \< 0.05. Transfect CAAP1 or empty vector (control group) into MGC80-3 cells. (I-J): LC3B protein expression was detected by western blot, and the ratio of LC3BⅡ/LC3BⅠ was statistically analyzed (*n* = 3), \**P* \< 0.05; (K): Cell autophagy was detected using an autophagosome detection kit. Transfect si-CAAP1 or si-CAAP1 control (control group) into AGS cells. (L-M): LC3B protein expression was detected by western blot, LC3BⅠ and LC3BⅡ proteins were quantified, and the ratio of LC3BⅡ/LC3BⅠ was statistically analyzed (*n* = 3), \**P* \< 0.05; N: cells were detected using an autophagosome detection kit.

miR-5100 inhibits CAAP1 protein expression by targeting CAAP1 3′UTR {#s0100}
-------------------------------------------------------------------

The above studies indicate that miR-5100 can promote apoptosis and inhibit autophagy in gastric cancer cells. At the same time, we also found that CAAP1 can inhibit apoptosis and promote autophagy in gastric cancer cells. The TargetScanHuman (<http://www.targetscan.org/vert_72/>) website was used to analyze the CAAP1 3′UTR sequence. The analysis results showed that there were three binding sites between CAAP1′s 3′UTR and miR-5100 ([Fig. 3](#f0015){ref-type="fig"}A). Next, we constructed the CAAP1 3′UTR luciferase reporter plasmid ([Fig. 3](#f0015){ref-type="fig"}B). When the miR-5100 minic or minic control was co-transfected with the CAAP1 3′UTR luciferase reporter plasmid or mutant plasmid, it was co-transfected with the control group. In contrast, miR-5100 minic can inhibit the luciferase activity of the CAAP1 3′UTR luciferase reporter plasmid, but miR-5100 minic has no effect on the fluorescent activity of the CAAP1 3′UTR mutant luciferase reporter plasmid (*P* \< 0.01) ([Fig. 3](#f0015){ref-type="fig"}C). To further verify that miR-5100 can participate in CAAP1 protein expression, miR-5100 minic or miR-5100 minic NC was transfected into AGS cells, and miR-5100 inhibitor or miR-5100 inhibitor NC was transfected into MGC80-3 cells The expression of CAAP1 protein was detected by blotting. The results showed that miR-5100 minic could inhibit the expression of CAAP1 protein, while miR-5100 inhibitors could promote the expression of CAAP1 (*P* \< 0.05) ([Fig. 3](#f0015){ref-type="fig"}D, E). In addition, we applied the biotin-avidin pull-down system to test whether miR-5100 can pull down CAAP1. Cardiomyocytes were transfected with biotinylated miR-5100 and harvested for biotin-based pull-down analysis. Real-time RT-PCR analysis revealed that miR-5100 pulls down CAAP1, but the introduction of mutations that disrupt base pairing between CAAP1 and miR-5100 results in miR-5100 being unable to pull down CAAP1, indicating that miR-5100 recognizes CAAP1 with sequence specificity Mode (*P* \< 0.01) ([Fig. 3](#f0015){ref-type="fig"}F, H). We also used biotin-labeled specific CAAP1 probes and used a reverse pulldown assay to test whether CAAP1 can pull down miR-5100. By Northern blot analysis, miR-5100 was precipitated ([Fig. 3](#f0015){ref-type="fig"}G). In summary, CAAP1 seems to be able to directly bind to miR-5100.Fig. 3miR-5100 inhibits CAAP1 protein expression by targeting CAAP1 3′UTR. A: Analysis of the TargetScanHuman (<http://www.targetscan.org/vert_72/>) website shows that miR-5100 can target the 3′UTR of CAAP1. B: miR-5100 targets the base sequence and mutant sequence of CAAP1 3′UTR. C: miR-5100 minic or miR-5100 minic NC (control group) and WT-pmir-CAAP1 or MUT-pmir-CAAP1 were co-transfected into MGC80-3 cells. The luciferase reporter assay was used to detect whether miR-5100 targeted to bind to CAAP1 3′UTR (*n* = 3); \**P* \< 0.05, \*\**P* \< 0.01. D: miR-5100 minic or miR-5100 minic NC (control group) was transfected into AGSA cells, and CAAP1 protein expression was detected by Western blot (*n* = 3), \**P* \< 0.05. E: miR-5100 inhibitor or miR-5100 inhibitor NC (control group) was transfected into MGC80-3 cells, and CAAP1 protein expression was detected by western blot (*n* = 3), \**P* \< 0.05. F: MUT format of WT and miR-5100 sequences are shown. G: miR-5100 was pulled down by a CAAP1 probe or a random probe. MiR-5100 levels were analyzed by Northern blot. I indicates input (10% of sample is loaded); and P, precipitation (100% of sample is loaded). H: Cardiomyocytes were transfected with biotinylated WT-miR-5100 (Bio-mir-5100-WT) or a biotinylated mutant miR-5100 (Bio-mir-5100-MUT). Biotinylated microRNA that is not complementary to CAAP1 was used as a negative control (Bio-NC). CAAP1 expression level was analyzed by real-time RT-PCR, \**P* \< 0.05.

MKL1 targets miR-5100 to inhibit gastric cancer cell apoptosis and promote autophagy {#s0105}
------------------------------------------------------------------------------------

We found that MKL-1 was expressed at a higher level in the MGC80-3 cell line and lower in the AGS cell line ([Fig. S3A, S3B](#s0135){ref-type="sec"}). In order to investigate whether MKL-1 has an effect on the apoptosis and autophagy of gastric cancer cells, pcDNA-MKL1 plasmid or empty vector (as a negative control) was transfected into AGS cell lines, and western blot results showed that the expression level of Cleaved-Caspase3 protein was reduced (*P* \< 0.05) ([Fig. 4](#f0020){ref-type="fig"}A, B), the ratio of protein LC3BII/I increased (*P* \< 0.05) ([Fig. 4](#f0020){ref-type="fig"}C, D), and the results of flow cytometry showed that the level of apoptosis was decreased (*P* \< 0.05) ([Fig. 4](#f0020){ref-type="fig"}E, F). Subsequently, si-MKL1 or si-NC (negative control) was transfected into MGC80-3 cells. Western blot results showed that the expression level of Cleaved-Caspase3 protein was increased (*P* \< 0.05) ([Fig. 4](#f0020){ref-type="fig"}G, H), and the protein LC3BⅡ/The I ratio decreased (*P* \< 0.05) ([Fig. 4](#f0020){ref-type="fig"}I, J), and the results of flow cytometry showed that the apoptosis level increased (*P* \< 0.05) ([Fig. 4](#f0020){ref-type="fig"}K, L).Fig. 4MKL1 targets miR-5100 to inhibit gastric cancer cell apoptosis and promote autophagy. Transfect MKL1 or empty vector (control group) into AGS cells. (A-B): The expression of caspase3 and cleaved-caspase3 protein was detected by western blot, and the cleaved-caspase3 protein was statistically analyzed (*n* = 3), \**P* \< 0.05. (C-D): Detection of LC3B protein expression by western blot, quantification of LC3BⅠ and LC3BⅡ protein, and statistical analysis of the ratio of LC3BⅡ / LC3BⅠ (*n* = 3), \**P* \< 0.05; (E-F): Detection of cell decay by flow cytometry Death, and statistical analysis of cell apoptosis rate (*n* = 3), \**P* \< 0.05. Transfect si-MKL1 or si-MKL1 NC (control group) into MGC80-3 cells. (G-H): The caspase3 and cleaved-caspase3 protein expressions were detected by western blot, and the cleaved-caspase3 protein was statistically analyzed (*n* = 3), \**P* \< 0.05; (I-J): The LC3B protein expression was detected by western blot. LC3BⅠ and LC3BⅡ protein were quantified, and the ratio of LC3BⅡ/LC3BⅠ was statistically analyzed (*n* = 3), \**P* \< 0.05; (K-L): Apoptosis was detected by flow cytometry, and the apoptosis rate was statistically analyzed (*n* = 3), \**P*＜0.05.

Next, we further analyzed the miR-5100 promoter sequence, and found a CArG box (CC (A/T) 6GG box) at −548 to −538 of the miR-5100 promoter, which is the binding site of MKL1 A luciferase reporter plasmid containing the miR-5100 promoter was constructed ([Fig. S4](#s0135){ref-type="sec"}A). The pcDNA-MKL1 plasmid or empty vector was co-transfected with the WT-pGL3-miR-5100 plasmid or mutant plasmid. The results of the luciferase report experiment showed that MKL-1 can promote the activity of lucifer plum in the miR-5100 promoter. The miR-5100 promoter mutant plasmid had no effect on luciferase activity (*P* \< 0.01) ([Fig. S4](#s0135){ref-type="sec"}B). RT-PCR results showed that when MKL1 was overexpressed, the expression level of miR-5100 increased (*P* \< 0.01) ([Fig. S4](#s0135){ref-type="sec"}C). ChIP analysis was then performed in AGS cells transfected with miR-5100 or minic. Cross-linked chromatin was immunoprecipitated with specific anti-myc-MKL1 antibody or IgG (as a negative control). The precipitated chromatin DNA was then purified and amplified by specific primers across the CArG box in the miR-5100 promoter. The control group was less enriched with IgG and MKL1, and MKL1 could bind to the CArG box of the miR-5100 promoter (*P* \< 0.01) ([Fig. S4](#s0135){ref-type="sec"}D). These data indicate that MKL1 can indeed bind to the miR-5100 promoter to promote expression, thereby further affecting the apoptosis and autophagy of gastric cancer cells.

MKL1 targets the promoter of CAAP1 to promote the expression of CAAP1 protein {#s0110}
-----------------------------------------------------------------------------

In order to further explore the molecular mechanism by which MKL1 inhibits gastric cancer cell apoptosis and promotes autophagy, we analyzed the CAAP1 promoter sequence and found that the CArG box exists at −391 bp to −382 bp. Next, we constructed the CAAP1 promoter luciferin Enzyme reporter plasmid ([Fig. 5](#f0025){ref-type="fig"}A), pc-DNA-MKL1 or empty vector and CAAP1 promoter luciferase reporter plasmid or mutant plasmid were co-transfected into MGC80-3 cells. The results of luciferase reporter experiments showed that MKL-1 can promote CAAP1 promoter luciferase activity. PC-DNA-MKL1 or pc-DNA (as a control group) ([Fig. 5](#f0025){ref-type="fig"}B). RT-QPCR and Western blot experiments in transfected AGS cell lines showed that MKL1 can promote CAAP1 transcription and CAAP1 protein expression (*P* \< 0.01) ([Fig. 5](#f0025){ref-type="fig"}C--E). To further determine the specific binding of MKL1 to the CAAP1 promoter, ChIP analysis was performed in MGC80-3 cells transfected with MKL1 or vector. Cross-linked chromatin was immunoprecipitated with a specific anti-MKL1 antibody or no antibody (as a negative control). The precipitated chromatin DNA was then purified and amplified by PCR using specific primers that span the CArG box in the CAAP1 promoter. Control (IgG) and negative control (No Ab), PCR produced weak signals. MKL1 can bind to the CArG box of the CAAP1 promoter (*P* \< 0.01) ([Fig. 5](#f0025){ref-type="fig"}F). These data indicate that MKL1 can bind to the CAAP1 promoter and promote CAAP1 expression, inhibit gastric cancer cell apoptosis and promote autophagy.Fig. 5MKL1 targets the promoter of CAAP1 to promote the expression of CAAP1 protein. A: The base sequence of the CArG box of the wild type (WT-pGL3-CAAP1) and mutant (MUT-pGL3-CAAP1) on the CAAP1 promoter. B: MKL1 or empty vector (control group) was co-transfected with WT-pGL3-CAAP1 or MUT-pGL3-CAAP1 into MGC80-3 cells. The luciferase reporter gene test is used to detect whether MKL1 can target the CAAP1 promoter, \**P* \< 0.05, \*\**P* \< 0.01. Transfect MKL1 or empty vector (control group) into AGS cells, (C-E): CAAP1 mRNA expression level was detected by RT-QPCR (*n* = 3) \*\**P* \< 0.01, and CAAP1 protein expression level was detected by western blot, CAAP1 protein was quantitatively and statistically analyzed (*n* = 3), \*\**P* \< 0.01. F: Co-transfect MKL1 or empty vector (control group) with WT-pGL3-miR-5100 or MUT-pGL3-miR-5100 into AGS cells and target CAAP1 according to the method described in "Experiment" The ChIP analysis of the primers by PCR showed the amount of DNA in each sample (2% of the input) in the second lane. Immunoprecipitation without primary antibody (No Ab) was used as a mock control, and IgG was used as a negative control.

In our research, we found that miR-5100 can promote the apoptosis of gastric cancer cells by inhibiting the 3′UTR of CAAP1 and inhibit autophagy, while MKL1 can target the CAAP1 promoter to inhibit the apoptosis of gastric cancer cells and promote autologous bite. Interestingly, we also found the CArG box on the miR-5100 promoter and demonstrated that MKL1 can promote the expression of miR-5100. These data suggest that MKL1/miR-5100/CAAP1 can act as a feedback regulator to influence the apoptosis and autophagy of gastric cancer cells.

To validate our hypothesis, MKL1 and miR-5100 inhibitors or miR-5100 inhibitor NC (as a control) were transfected into AGS cell lines. When MKL1 and miR-5100 inhibitors were co-transformed, Western blot results showed that the expression of CAAP1 protein was higher than that of the control group, the protein ratio of LC3BⅡ/Ⅰ increased (*P* \< 0.05) ([Fig. S5A and S5B](#s0135){ref-type="sec"}), and Cleaved-Caspase3 decreased (*P* \< 0.05) ([Fig. S5C and S5D](#s0135){ref-type="sec"}). The results of flow cytometry experiments showed that the level of apoptosis was decreased (*P* \< 0.05) ([Fig. S5E, S5F](#s0135){ref-type="sec"}). Cell autophagy was found to increase under the confocal microscope (*P* \< 0.05) ([Fig. S5](#s0135){ref-type="sec"}G). These data indicate that the MKL1/miR-5100/CAAP1 axis does exist in gastric cancer cells and regulates the apoptosis and autophagy of gastric cancer cells ([Fig. S6](#s0135){ref-type="sec"}).

miR-5100 inhibits tumorigenesis in nude mice {#s0115}
--------------------------------------------

In order to study the effect of miR-5100 on gastric cancer cell apoptosis and autophagy in vivo, we constructed an AGS cell line (miR-5100-plko.1) that stably overexpresses miR-5100. 5100-plko.1 cell line and control cell line (plko.1) were injected into nude mice, respectively ([Fig. 6](#f0030){ref-type="fig"}A). Compared with the plko.1 group, the tumor formation volume and weight of the miR-5100-plko.1 group were smaller than the control group (*P* \< 0.01) ([Fig. 6](#f0030){ref-type="fig"}B--D). After 28 days, we observed that miR-5100-plko.1 combined with miR-5100-plko.1+Taxol group had the best tumor healing effect. Next, we performed HE staining ([Fig. 6](#f0030){ref-type="fig"}E) and immunohistochemical experiments ([Fig. 6](#f0030){ref-type="fig"}F) on the tumor tissue sections. Compared with the control group, the expression level of CAAP1 protein in the tumor tissue of nude mice was higher than that in the experimental group, miR-5100- The CAAP1 protein level was the lowest in the plko.1+Taxol group. Western blot detection of tumor tissue proteins from four groups of nude mice. The results showed that the expression of Cleaved-Caspase3 protein was increased in the tumor tissue of nude mice of group miR-5100-plko.1, while the level of LC3B protein was down-regulated ([Fig. 6](#f0030){ref-type="fig"}G). The expression of Cleaved-Caspase3 protein in -5100-plko.1+Taxol group was higher than that in plko.1+Taxol group, and LC3B protein expression level was down-regulated ([Fig. 6](#f0030){ref-type="fig"}H). In summary, we conclude that miR-5100 can promote the apoptosis of gastric cancer cells and inhibit autophagy in vivo and in vitro.Fig. 6miR-5100 inhibits tumorigenesis in nude mice. A: Nude mice injected with two different MGC80-3 cell lines or gavage with paclitaxel after 28 days. The images shown represent results for 3 mice. B: Image shows tumor tissue isolated from nude mice with three mice in each group. C: Tumor growth curves of nude mice injected with two different MGC80-3 cell lines or administered paclitaxel after 28 days, and the tumor volume was estimated using calipers; \**P* \< 0.05. D: The image shows the statistics of the weight of tumor tissue isolated from nude mice; the weight of the tumor tissue is measured with a balance; \**P* \< 0.05. E: Representative H&E-stained sections of the tumor tissues isolated from mice. F: Immunohistochemical analysis of tumor tissue isolated from nude mice, the image shows the results of in-situ analysis of CAAP1 protein. G: Tumor tissues of miR-5100-plko.1 and plko.1 (control group) isolated from nude mice were analyzed for protein expression levels of CAAP1, caspase3, and LC3B by western blot. H: Tumor tissues of miR-5100-plko.1+Taxol group and plko.1+Taxol group (control group) isolated from nude mice were analyzed for protein expression levels of CAAP1, caspase3, and LC3B by western blot.

Discussion {#s0120}
==========

Gastric cancer is one of the most common malignant tumors of the digestive tract, but there is no effective method for early disease diagnosis. At present, the treatment of gastric cancer is mainly surgical resection and chemotherapy [@b0110], [@b0115], [@b0120]. Surgical removal can effectively remove tumors, but also has some disadvantages, such as large trauma and slow recovery. Moreover, due to the lack of targeted therapies, these traditional chemicals can also cause damage to normal tissues and cells, with more serious toxic side effects [@b0125]. Therefore, studying the etiology and development mechanism of gastric cancer at the molecular level, and developing targeted drug proteins and signaling pathways specifically targeting tumor targets have become the focus of current research [@b0130], [@b0135]. The role of microRNAs in GC has been widely studied, and misregulation of miRNAs leads to canceration. Therefore, the abnormal expression of miRNA in GC may be related to the occurrence of disease [@b0140], [@b0145].

Current research on miR-5100 is mainly focused on lung cancer and pancreatic cancer. miR-5100 has been reported to promote osteoblast differentiation [@b0150]. In addition, miR-5100 is known to promote tumor growth of lung cancer by promoting G1-S transition and targeting Rab6 [@b0050]. Lawei Yang et al. demonstrated that miR-5100 promotes stem cell-like state of lung cancer cells by regulating Rab6 and mediates lung cancer stem cell resistance to cisplatin [@b0155]. The above literature seems to indicate that miR-5100 may have the ability to inhibit the occurrence of cancer, which is different from our findings. Interestingly, in the study of miR-5100 regulating the phenotype of pancreatic cancer cells, Yoshiro Chijiiwa showed that miR-5100 has an inhibitory effect on the occurrence and metastasis of pancreatic cancer [@b0160]. This conclusion is consistent with the findings of this article. There are few reports on miR-5100. The specific effect is still partially controversial in tumor cells. Therefore, further research is needed to clarify the functional difference of miR-5100 in different cancer types.

The latest research shows that CAAP1 is a protein with strong anti-apoptotic ability and has a strong conserved type, which is expressed in various tissues [@b0165]. Research by Yu Zhang et al. Showed that CAAP1 can participate in the apoptosis process of cells. When the CAAP1 gene was knockdown, Research by Yu Zhang et al. Showed that CAAP1 can participate in the apoptosis process of cells. When the CAAP1 gene was knockdown, MCF-7 and A-549 cell lines were proved to be sensitive to apoptosis. And MCF-7 cell line was the most sensitive sensitive. Studies have shown that CAAP interferes with the activation of caspase-10, which in turn regulates the generation of the 11 kDa tBid fragment and caspase-3/9 feedback amplification loop required for effective activation of the mitochondrial death pathway [@b0165]. Qing Yang et al. Found that CAAP1 can regulate cell viability and apoptosis in the study of neonatal brain injury by Long non-coding RNA Snhg3, Studies have shown that the primary hippocampal cells are transfected with si-CAAP1 and treated with hypoxia. Compared with the group, the cell viability was reduced and the apoptotic rate was increased [@b0170]. In this article, we have demonstrated that CAAP1 has anti-apoptotic ability at the protein level in the MGC80-3 cell line and AGS cell line, respectively. At the cell level, the apoptosis level of cells decreases when CAAP1 is overexpressed, and apoptosis levels were increased when CAAP1 was silenced, and these experimental data are consistent with literature reports [@b0060]. It has been documented that most of cell apoptosis is related to autophagy, and the excessive proliferation of tumor cells is often related to cell apoptosis and autophagy imbalance [@b0175], [@b0180], [@b0185]. In the study of microRNA-378 on skeleton muscle autophagy and apoptosis, Yan Lia et al. demonstrated that miR-378 can promote cell autophagy while targeting caspase9 to inhibit the occurrence of intracellular apoptosis. This is consistent with the results that gastric cancer cells are always accompanied by inhibition of autophagy during apoptosis. At the same time, our in vitro experiments found that miR-5100 can inhibit the tumor growth of gastric cancer cells in vitro. This further proves that miR-5100 can promote the apoptosis of gastric cancer cells and inhibit autophagy.

MKL1 regulates a variety of processes, including myocyte differentiation [@b0190], cardiovascular development [@b0195], [@b0200], development and adult brain [@b0205] neuronal network reconstruction, megakaryocyte differentiation and migration [@b0100], [@b0210], [@b0215], cell motor function regulation, Epithelial-mesenchymal transition [@b0220], [@b0225], [@b0230]. Notably, there is increasing evidence that the myocardin/MKL family is involved in inhibiting cell proliferation and cell cycle progression. myocardin and MKL1 have antiproliferative effects in a variety of cell lines [@b0235], [@b0240], [@b0245], [@b0250]. However, there are few reports on whether MKL1 participates in the process of apoptosis. We first discovered that MKL1 can inhibit the apoptosis of gastric cancer cells and promote the occurrence of autophagy in gastric cancer cells.

In our study, MKL1 can target CAAP1 to inhibit the apoptosis of gastric cancer cells and promote the occurrence of autophagy, which seems to mean that MKL1 can be used as a tumor-promoting gene in gastric cancer cells. We also found that miR-5100 can also target CAAP1 to promote the apoptosis of gastric cancer cells and inhibit the occurrence of autophagy, which seems to mean that miR-5100 acts as a tumor suppressor gene in gastric cancer cells. Interestingly, we found that MKL1 can target the miR-5100 promoter and promote the expression of miR-5100, which forms a loop. In other words, when the cells are at a normal level, MKL1/miR-5100/CAAP1 can form a negative feedback regulation, so that the cell obtains autophagy and apoptosis in a normal state to maintain the homeostasis of the cell. When the cell is exposed to external stimuli, this homeostasis will be broken. MKL1 or miR-5100 loses a state of mutual checks and balances, causing the cell\'s autophagy or apoptosis to become disordered and cancerous.

Conclusion {#s0125}
==========

In summary, our study found that MKL1/miR-5100/CAAP1 forms a circuit in cells to jointly regulate the homeostasis of apoptosis and autophagy of gastric cancer cells. In vitro proved that miR-5100 can inhibit tumor growth of gastric cancer cells Next, we will further explore MKL1/miR-5100/CAAP1 in gastric cancer. How to interact with each other, how to affect the transcription of target genes for gastric cancer apoptosis, how related signaling pathways regulate this regulation and other molecular mechanisms, and finally to clarify the exact molecular mechanism of gastric cancer cell apoptosis and reveal MKL1/miR-5100/CAAP1 interaction provides basic theoretical basis for regulating gastric cancer cell apoptosis and new functional mechanisms during autophagy. It also provides basic support for the treatment and prognostic intervention of gastric cancer and new drug targets.

Appendix A. Supplementary data {#s0135}
==============================
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